To examine age-dependent in-hospital mortality for hospitalization with acute coronary syndromes (ACS) in England and Wales. 
Introduction
Data from international studies suggest that elderly patients who are admitted to hospital with an acute coronary syndrome (ACS) are less likely to receive evidence-based care and that they have higher mortality rates than their younger counterparts. 1 -7 Recently, however, there have been substantial improvements in the treatment and outcome of ACS among a range of developed and developing countries. 8, 9 In part, this has been attributed to increased use of evidence-based ACS therapies. 8 -11 For the elderly, it has been advocated that improvements in hospital care may translate into a reduction in mortality and research has highlighted the need for quality-of-care programmes that reinforce the use of evidence-based therapies among this group. 2 With the advent of the new definition of acute myocardial infarction (AMI) and a greater emphasis placed on the results of the cardiac troponin concentration, 12 a contemporary analysis of patients admitted to hospital with an ACS may reveal a changing burden of disease and early outcomes. Moreover, it is not known whether the effects of reported improvements in ACS care have occurred equally across the spectrum of ACS ages. This study, therefore, aimed to (i) establish whether, in light of international recommendations, 13, 14 age-dependent inequalities in care continue to exist in a modern national healthcare system and (ii) quantify and compare temporal effects in in-hospital mortality by age for patients who present to hospital with an ACS.
Methods

Study design
The analyses were based on data from the Myocardial Ischaemia National Audit Project (MINAP) whose national database was established in 1999 to examine the quality of management of AMI in England and Wales and to meet the audit requirements of the National Service Framework (NSF) for Coronary Heart Disease. 15 -18 MINAP data collection and management has previously been described. 19, 20 Data for patients admitted with an ACS are collected prospectively at each acute hospital by a secure electronic system, developed by the Central Cardiac Audit Database (CCAD), electronically encrypted and transferred online to a central database. 21 CCAD is part of the National Institute for Cardiovascular Outcomes Research (NICOR) based at University College London. MINAP is overseen by a multiprofessional steering group representing the stakeholders. 16 Each patient entry offers details of the patient journey, including the method and timing of admission, inpatient investigations, treatment, and date of all-cause death [from linkage to the National Health Service Central Register (NHSCR) using a unique National Health Service (NHS) number]. Data entry is subject to routine online error checking. There is a mandatory annual data validation exercise for each hospital. 22 
Cohort description
The investigators had access to data in which patient identity was protected. The MINAP cohort comprised 616 011 index patient events admitted to 238 acute hospitals in England and 17 acute hospitals in Wales between 1 January 2003 and 2 October 2010.
Ages on admission were categorized into five groups: ,55 years, 55 -64 years, 65 -74 years, 75 -84 years, and ≥85 years of age. The initial diagnosis was based on the working diagnosis generated by a paramedic or first attending physician who was in a position to provide definitive treatment. The final diagnosis was formed from the patients' presenting history, clinical examination and the results of inpatient investigations, and made by a senior member of the medical staff. The consensus document of the Joint European Society of Cardiology/American College of Cardiology 23 was used as the diagnostic standard for AMI and provided the basis for categorization into ST-elevation myocardial infarction (STEMI). Non-ST-elevation acute coronary syndrome (NSTEACS) was defined as a troponin positive [non-ST-elevation myocardial infarction (NSTEMI)] or troponin negative (unstable angina) ACS.
Statistical methods
The population was described without adjustment and by percentages with respect to discrete data, and by medians and interquartile range or mean and 95% range for continuous variables. Pearson's x 2 test was used to determine whether there was a significant difference between the expected frequencies and the observed frequencies in one or more categories. The Kruskall-Wallis rank test was used to test the difference in distributions across groups. The analysis of variance test was use to ascertain whether the means of several groups were all equal.
Given that there was a significant interaction between age, in-hospital mortality, and sex for STEMI (P , 0.001) and NSTEMI (P , 0.001), models were fitted by sex. To account for variations at the hospital level, a linear mixed-effects regression model was used to quantify the relationship between age category and ACS final diagnosis at discharge from hospital, and between age category and in-hospital all-cause mortality. The model fitted included age, history of diabetes, hypertension, previous AMI, angina, history of heart failure, previous revascularization [percutaneous coronary intervention (PCI) and/or coronary artery bypass grafting (CABG)], admitting consultant, admission ward, and emergency reperfusion (primary PCI and/or thrombolysis). The temporal risk of in-hospital mortality was quantified by STEMI and NSTEMI after adjustment for age category and consideration of hospital random effects. Finally, the risk of in-hospital mortality was estimated for each age category after adjustment for the final diagnosis and consideration of hospital random effects. We used STATA IC version 11.0 (Stat Corp LP, TX, USA) for the analyses.
Results
Of the 616 011 patients, 102 415 (16.7%) were ,55 years and 72 721 (11.9%) were ≥85 years of age. Data for age were missing for 4.2% of men and 4.5% of women, and in-hospital status was missing for 5.6% of the cohort. The proportion of men reduced from 79.4% among patients aged ,55 years to 41.9% among patients aged ≥85 years ( 
Cardiovascular risk factors
The distribution of baseline risk factors varied by age groups and sex ( Table 1) . Older patients were less often current smokers and more often had hypertension, prior AMI, angina, chronic heart failure and chronic renal failure. Compared with men ≥85 years, women ≥85 years of age were less often current smokers. They less often had diabetes, previous AMI, angina, previous revacularization (PCI or CABG), and chronic renal failure.
Diagnoses, presentation, and provision of care Table 2 shows the distribution of initial and final diagnoses, method of presentation, and provision of care by age group. Younger patients more often had an initial diagnosis of STEMI. Older patients more often had a final diagnosis of NSTEACS. Compared with men ≥85 years of age, women ≥85 years of age less often had an initial diagnosis of NSTEACS. Older patients were less likely to call the emergency services or make their own way to the hospital, and more likely to have an ACS in hospital than their younger counterparts. Also, older patients were less likely to be admitted to the Cardiac Care Unit, a Cardiology ward, and be under the care of a Consultant Cardiologist. For STEMI and NSTEMI, the proportion of patients ≥85 years of age with cardiogenic shock was higher than that for patients ,55 years of age: STEMI: ,55 years ¼ 2.1%, ≥85 years ¼ 5.0%, P , 0.001; NSTEMI: ,55 years ¼ 1.2%, ≥85 years ¼ 3.1%, P , 0.001. Table 3 shows the distribution of evidence-based management and outcomes by age category. For all ACS combined, older patients had greater lengths of stay (df ¼ 5, P , 0.001) and higher in-hospital mortality rates (P , 0.001). For those with an initial diagnosis of STEMI, older patients were less likely to receive primary PCI, pre-hospital thrombolysis, and to a lesser extent in-hospital thrombolysis. They too had greater lengths of stay (df ¼ 5, P , 0.001) and higher in-hospital mortality rates (df ¼ 5, P , 0.001). Patients ≥85 years of age with an initial diagnosis of STEMI were up to 75% less likely to be reperfused (by either primary PCI or thrombolysis) compared with those ,55 years of age with STEMI: RR ¼ 0.27, 95% CI: 0.25-0.28.
Management and in-hospital mortality
For patients with AMI (STEMI or NSTEMI), the risk (RR, 95% CI) of being prescribed aspirin (0.54, 0.53-0.56), clopidogrel (0.59, 0.57 -0.62), b-blockers (0.38, 0.37 -0.39), statins (0.41, 0.40-0.42), or ACE inhibitors (0.50, 0.49-0.51) was considerably lower for those ≥85 years of age with AMI compared with those ,55 year of age with AMI. The elderly were less likely to undergo coronary angiography (df ¼ 5, P , 0.001) and echocardiography (df ¼ 5, P , 0.001), and had greater lengths of stay (df ¼ 5, P , 0.001) and higher in-hospital mortality rates (P , 0.001) than their younger counterparts.
Risk of ST-elevation myocardial infarction and in-hospital mortality
For males and less so females, increasing age predicted a lower risk of a final diagnosis of STEMI (males ≥85 years: OR ¼ 0. 33 Adjusted odds ratio for age, diabetes, hypertension, previous AMI, angina, previous revascularization, chronic heart failure, reperfusion (primary PCI or thrombolysis) during admission, admitting ward, admitting consultant, with hospital random intercept effects.
31.5% to 20.4% (RR ¼ 0.56, 95% CI: 0.42-0.73, P , 0.001) for patients aged ≥85 years ( Table 5) . These findings were upheld after multi-level adjustment (base ¼ 2003, adjusted odds ratio for age group, diabetes, hypertension, previous AMI, angina, previous revascularization, chronic heart failure, reperfusion (primary PCI or thrombolysis) during admission, admitting ward, admitting consultant, with hospital random intercept effects 
Discussion
Despite earlier research from Europe which has highlighted the need to address age-dependent inequalities in ACS quality of care, 2 when compared with their younger counterparts the elderly hospitalized with an ACS continue to be disadvantaged. This is important when the elderly comprise up to a third of the ACS admissions in England and Wales. Yet, there was good evidence to suggest that all age groups including the old and very old have benefited from improvements in ACS management-for AMI, there were substantial year-on-year reductions in in-hospital mortality. Notably, the temporal improvements in the risk of in-hospital mortality were similar for males and females and for STEMI and NSTEMI. To date, many studies have described the differential presentation, management, and outcome of elderly vs. young ACS patients. 2,24 -28 This research corroborates these findings; revealing that the profile of the elderly hospitalized with an ACS has not changed greatly. What has changed is the reduction in in-hospital mortality. We refute findings from a recent single centre observational study which suggested that no temporal improvements in mortality rates were evident for the elderly who underwent primary PCI. 29 Our research readily highlights that although age-dependent biases in quality of care exist, in England and Wales significant improvements in ACS care have occurred. Several studies have suggested that improvements in hospital care for the elderly would reduce elderly ACS mortality rates. 2,24 -28 Our analyses using contemporary MINAP data demonstrate this association. The reductions in in-hospital mortality over time were unlikely to be due to reduction in lengths of hospital stay. For STEMI and NSTEMI, we found no significant relationships between the length of hospital stay and in-hospital mortality and there was no significant interaction between the length of hospital stay and in-hospital mortality by year of hospital admission. C.P. Gale et al. that the reduction in in-hospital mortality rates was unlikely to be related to hasty (or inappropriate) discharge from hospital care. It is possible, however, that some of the improvements in NSTEMI mortality rates related to a lower risk profile in later years: the median (IQR) troponin concentration for NSTEMI decreased from 0.57 (2.80) in 2003 to 0.48 (2.56), P , 0.001. While the adjusted risk of the temporal decline in in-hospital mortality for STEMI and NSTEMI ,55 years of age were statistically significant, we found there was only a non-significant trend in the decline of the absolute risk (20% and 47%, respectively) in this group. In 2003, mortality rates in the young were already low (2.0%) and it is possible that in-hospital mortality rates lower than 1.6% (2010) are now reaching a 'plateau of achievable care', 30, 31 and that a statistically significant association would require much greater numbers of patients or evaluation of survival beyond the hospital stay. Overall our findings are in keeping with international advances in the provision of evidence-based acute cardiac care. They herald the accomplishment in England and Wales of the NSF for Coronary Heart disease (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . 15 This was a nationwide implementation strategy of changes to the delivery of care for patients with coronary heart disease and encouraged the adoption of the translation of contemporary evidence into best practice. 20, 32 Nevertheless, our research continues to support a notion of agedependent inequality in ACS care and, moreover, highlights gaps in key aspects of the management of elderly patients with ACS who benefit equally as much as their younger counterparts from an early invasive strategy. 28, 33, 34 This study provides evidence for opportunities for improvements in the quality of clinical care. For example, despite high frequencies of previous AMI in the very elderly, they had previously less often undergone revascularization when advanced age alone must not be considered a contraindication to performing coronary angiography and PCI. 34 Overall, rates of emergency reperfusion (primary PCI and thrombolysis) for STEMI in those aged ,55 years were nearly three times higher than those aged ≥85 years. For those with a final diagnosis of AMI, older patients were less likely to be discharged on aspirin, clopidogrel, b-blockers, ACE inhibitors, and statins. In light of our evidence for increased risk of early mortality and greater lengths of hospital stay, the application of evidence-base ACS therapies to appropriate patients regardless of age may further reduce overall cost and improve early outcomes. 2 The causes for discrepancies in quality care for the elderly are multifactorial. In part, the shortfalls in treatment may be due to the lack of appropriate specialist care and inappropriate placement within the hospital. 35 Although the MINAP database includes data relating to the indication, contraindication, refusal of treatments (all taken into account in the analyses), we were unable to evaluate the appropriateness of ACS management. 36 Reductions in risk of inpatient death may be related to improved primary 37 and secondary prevention; 38 however, we specifically considered in-hospital mortality (rather than longer term survival) because this more clearly reflects acute care associated with the index admission. Nonetheless, improvements in mortality are associated with the application of evidence-based medicine, 38 and it is likely that the implementation of strategic networks of care (such as the national primary PCI service in England and Wales 20 ) has contributed to the greater application of ACS treatments and hence better outcomes. 39 Not withstanding age-dependent inequalities in care, the elderly are more likely to present differently and less likely to have the same diagnosis on discharge from hospital as that which they were given on admission. In our study, the risk of a change in diagnosis from that on admission to a different one on discharge in patients ≥85 years of age was over 10% greater than that for patients ,55 years of age: RR, 95% CI 1.12, 1.09-1.16. Multi-level adjustment made little difference to the risk of in-hospital mortality and suggests that the 'diagnosis' per se is a stronger predictor of outcome than the covariates modelled. As such, mechanisms to improve the early and accurate diagnosis of specific ACS subgroups in the elderly are needed so that timely risk-evaluated ACS interventions may be implemented. It is plausible that physicians already know that the likelihood of an elderly patient presenting with STEMI is much lower than that of a younger patient and that this influences their perception of a diagnosis of STEMI in an older patient. Finally, age-dependent inequalities in treatments may be the legacy of a risk-adverse strategy to ACS care 4 through lack of accurate estimation of ACS risk. 40 Limitations MINAP does not collect data on all patients in England and Wales, and it is possible that patients entered into the MINAP database differ from those not recorded. We noted that data missingness for age was 4.3% and for final diagnosis 3.2%. Although this may introduce systematic bias, we have previously noted that while being statistically significant the inclusion of missing data does not alter regional standardized mortality ratios. 41 As with all observational data, the modelling of diagnosis, in-hospital mortality, and effect of year considered hospital-level and patient-specific influences and the use of alternative covariates may change the effect sizes demonstrated. Finally, this research reveals important associations but cannot prove causation.
Conclusion
The elderly comprise a substantial proportion of ACS admissions. They have a different risk factor and ACS diagnosis profile to younger patients. Biases in elderly ACS care remain and the elderly have significantly longer hospital lengths of stay and higher in-hospital mortality rates. Despite this, improvements in the application of evidence-based ACS care were evident across all age groups from 2003 to 2010. There were significant year-on-year reductions in in-hospital mortality equally across all age groups, both sexes, and for STEMI and NSTEMI.
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